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XXXIL An Account offome Experiments made with an 
Air-pump on Mr. Smeaton's Principle^ together with 
fome Experiments with a common Air-pump. By Mr. 
Edward Nairne, F. R. S. 



Read June 12, * s the following experiments were made 
l77h A principally to try the performance of 
Mr. smeaton's pear-gage, it may be proper to defcribe 
it, which I fhall do in his own words, taken from the 
Phil. Tranf. for the years 1751 and 1752, vol. XL VII. 
p« 420* 

u I have found,* fays Mr. smeaton, " the gages that 
46 have been hitherto made ufe of, for meafuring the 
u expanfion of the air, very unfit to determine in an ex- 
u periment of fo much nicety; I have therefore con- 
" trived one of a different fort, which meafures the ex- 
" panfion with certainty to much lefs than the 1 oooth 
" part of the whole. It confifts of a bulb of glafs, fome- 
u thing in the fhape of a pear, and fufficient to hold 

u about 
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u about half a pound of quickfilver : it is open at one 
" end, and at the other is a tube, hermetically clofed 
<* at the top. By the help of a nice pair of fcales I found 
* c what proportion off weight a column of quickfilver, of 
H a certain length, contained in the tube, bore to that 
" which filled the whole veffel: by thefe means I was 
" enabled to mark divifions upon the tube anfwering to 
u a 1 oooth part of the whole capacity; which being 
" about one-tenth of an inch each, may, by eftimation, 
u be eafily fub-divided into finaller parts. This gage, 
" during the exhaufting of the receiver* is fufpended 
" therein by a flip wire* When the pump is worked as 
u much as fhall be thought neceffary , the gage is pufhed 
u down till the open end is imrnerged in a ciftern of 
a quickfilver placed underneath; the air being then let 
" in, the quickfilver will be driven into the gage till the 
u air remaining in it becomes of the lame denfity with 
u the external, and as the air always takes the higheffc 
H place, the tube being uppermoft, the expanfion will be 
H determined by the number of divifions occupied by 
" the air at the top. 

" The degree to which I have been able to rarify the 

u airman experiment, has generally been about 1000 

44 times, when the pump is put clean together; but the 

3 ^moiftu^fc 
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" moifture that Adheres to the infide of the barrel as 
•* € well ad other internal parts, upon letting in the air, is 
4C in the fame fucceeding trials worked together with the 
u oil, which foon renders it fo clammy as to obftru<5t 
44 the a&ions of the pump upon a fluid fo fubtil as the 
44 air when fo much expanded ; but in this cafe it feldom 
14 fails to a& upon the air in the receiver till it is ex- 
« panded 500 times.* Thus far Mr. sme atom's ac- 
count. 

The pump with which the chief of the following ex- 
periments were made, had the leather of its pifton foaked 
in oil and tallow (and oil in the barrel) and every pre- 
caution was taken that no water ftiouid get into the 
working parts of the pump, except what might arife in 
vapour from the fubftances which were under the 
receiver. 



EXPERIMENT I. 



Having provided a pear-gage agreeable to Mr. smea- 
ToN f s defcription, on which the fpace of a 4000 th part 
of the whole capacity was two-tenths of an inch ; this 
gage* together with a glafs cup which ferved as a ciftern 

to 
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to hold the quickfilver for it, was put under a receiver; 
which receiver was placed on a leather foaked in oil and 
tallow, on the plate of the pump. 

I muft obferve here, that the foot of the glafs cup, 
which held the quickfilver for the pear-gage, being 
broken off by an accident, another foot, made of a piece 
of box-wood, was cemented to it. The reafon of men- 
tioning this circumftance, which may feem trifling, will 
appear in the fixth experiment. The pump was then 
worked, and the pear-gage was puflied down till its 
open end was immerfed in the quickfilver in the cup : 
the air being then let into the receiver, it forced the 
quickfilver into the gage till it was filled within a 4000th 
part of the whole, fo that by this gage the pump ap- 
peared to have expanded the air 4000 times. To what 
it might be owing that this pump, which was on Mr, 
smeaton's principle, fhould expand the air 4000 times 
inftead of only 1000 as Mr. smeaton's, I could not even 
furmife. 

Having the pleafure of knowing Mr. smeaton, and 
being well acquainted with his great abilities in practice 
as well as theory, I could not imagine that this apparent 
fuperiority could proceed from our having executed the 
various parts of the pump in a more perfect manner than 

Vol. LXVII, 4 L he 
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he had clone. I therefore determined, for greater cer- 
tainty, to fee if the fault might not he in the gages; and 
for that purpofe I repeated the experiment with the 
fyphon-gage, and both the long and fhort barometer- 
gages, and found that the feveral degrees of exhauftion 
indicated by thefe, were very different from that which 
the pear-gage had indicated : no conclusion, therefore, 
could be drawn from this experiment., 

I determined next to compare again this pear-gage 
with the long and fhort barometer-gages with all the ac- 
curacy I w r as matter of: and firft, leil the tubes of thefe 
barometer-gages might not be perfectly clean and free 
from moifture, I had fome tubes made at the glafs houfe; 
and as foon as they were brought home, which was 
within an hour after they were made, two of them, which 
were of the lame fize, were filled with diftilled quickfil- 
ver; and then the quickfilver was carefully boiled in the 
tubes the whole length, which was about thirty-fix inches : 
I then cut off about fix inches from the fealed end of one 
of the tubes, and took care to keep it perfectly full of the 
boiled quickfilver; it'was then inverted into a glafs cift em 
containing boiled quickfilver; and a piece of very thin 
ivory, about half an inch in length, with divisions on its 
edge, was put over the tube, fo as to float on the furface 

of 
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of the quicklilver in the ciftern,, by which means the dif- 
ference of the two furfaces ootid be fc^ri to a great nicety • 
This kind of gage is called the fhort barometer-gage. 

The other tube, which was cut off to thirty-three 
inches j being perfectly full of the boiled quicklilver, was 
alfo carefully inverted into a glafs ciftern containing 
boiled quicklilver, to fuch a depth that from the* furface 
of the quicklilver in the ciftern to the top of the tube was 
twenty-nine inches ; this had likewife a piece of ivory, 
with divifions on it, put over the tube, fo as to float on 
the furface of the quicklilver in the ciftern > in the fatae 
manner as the other. 

This long tube and the fliort barometer-gage being 
put both of them at the fame time under the receiver, 
which was carefully cemented to the plate of the pump; 
the pump was then worked for ten minutes, and the fur- 
face of the quicklilver in both the tubes came down very 
nearly to within one-twentieth or five hundredth parts of 
an inch of the furface of the quicklilver in their refpec- 
tive cifterns. 

The air was then let in, and the receiver being taken 
from the pump, the long tube was railed up fo far in the 
ciftern as to let the quicklilver come down from the top 
of the tube, fo that it now became a common barometer, 

4 L 2 and 
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and its height from the furface of the quickfilver in the 
ciftern meafured thirty irtches; which agreed exadtly 
with an open cittern-barometer I had in the room. The 
quickfilver in the tube of this barometer was alfo boiled, 
and the meafure the fame. 

The quickfilver was then emptied out of this long 
tube, and the fealed end being cut off, it was then ce- 
mented to a piece of brafs,by which means it was fcrewed 
to the air-pump; and the lower end being immerfed in a 
cup of boiled quickfilver, it then made that kind of gage 
where the air is taken from the top of the tube, and 
which is called the long barometer-gage. This gag£ 
being fixed to the pump, and the ihort barometer-gage 
put on the plate of the pump under a receiver, the re- 
ceiver was cemented to the plate of the pump, and the 
pump worked for ten minutes as before. The quickfil- 
ver in the lhort barometer-gage fell now nearly to within 
one-twentieth or five hundredth parts of an inch of that 
in the ciftern, and the quickfilver in the long gage rofe 
nearly to within a twentieth or five hundredth parts of an 
inch of the height it was at when it was made as a com* 
mon barometer. 

Gages made with thefe precautions feem to me to be 
the rooft to be depended upon, in determining the a6lual 

diminution 
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diminution of the preffure on the furface of the quick- 
filver in the tube of the long gage, and alfo on the fur- 
face of the quickfilver in the ciftern of the fhort gage. 
But of thefe two gages the long barometer-gage was 
chiefly ufed in the following experiments, as being fixed 
to the pump: however, having now made thefe two 
gages with as much accuracy as I was mafter of, and 
finding that they agreed pretty nearly, I proceeded to 
repeat my firft experiment* 



EXPERIMENT II.. 

I put the fhort barometer-gage, and the pear-gage 
with the glafs cup having a wooden foot* both toge- 
ther under the receiver, which receiver was placed on a 
leather foaked in oil and tallow on the plate of the 
pump; the pump was then worked for ten minutes, and 
the quickfilver was brought down in the fhort barome~ 
ter-gage to about one-tenth of an inch of the furface of 
the quickfilver in the ciftern, and rofe in the long baro- 
meter-gage to within one-tenth of an inch of the height 
of the quickfilver in my ftandard barometer, which was 
at that time at thirty inches ; by which it appeared, that 

the 
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the preffbre on the fttrface of the qtrrckfilver in the 
cittern, and in the tube of the long barometer-gage, was 
diminifhed to about a three-hundredth part : the pear- 
gage being now pufhed down till its open end was im- 
merfed under the furfaee of the qutckfilver in the cup, 
the air was then let in, and the pump appeared by that 
gage to have exhaufted all but a fix thoufandth part of 
the air; or, in other words, the degree of exhauftion by 
this gage appeared to be fix thoufand times. 

Finding ftill this difagreement between the pear-gage 
and the other gages, I tried a variety of experiments ; but 
none of them appeared to me fatisfa&ory, till one day in 
April 1776, fhewing an experiment with one of thefe 
pumps to the honourable henry cavendish,- Mr. 
smeaton, and feveral other gentlemen of the Royal 
Society, when the two gages differed fome thoufand 
times from one another, Mr. cavendish accounted for 
it in the following manner. " It appeared,* he faid, 
" from fome experiments of his father's, Lord charles 
" cavendish, that water, whenever the preffureof the 
" atmofphere on it is diminished to a certain degree, is 
" immediately turned into vapour, and is as immediately 
" turned back again into water on reftoring the pref- 
" fure. This degree of preffure is different according to 
" the heat of the water: when the heat is 72 of fah- 

" renheit's 
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u renheit's fcale, it turns into vapour as foon as the 
" preflure is no greater than that of three quarters of an 
" inch of quickfilver, or about one-fortieth of the ufual 
" preflure of the atmofphere; but when the heat is only 
" 41% the preflure muft be reduced to that of a quarter 
u of an inch of quickfilver before the water turns into 
u vapour. It is true, that water expofed to the open air 
" will evaporate at any heat, and with any preflure of 
"the atmofphere; but that evaporation isintirely owing 
"to the action of the air upon it: whereas the evapora- 
" tion here fpoken of is performed without any afliftance 
" from the air. Hence it follows* that when the receiver 
"is exhaufted to the above-mentioned degree, the moif- 
" ture adhering to the different parts of the machine 
" will turn into vapour and fupply the place of the air, 
u which is continually drawn away by the working of 
" the pump, So that the fluid in the pear-gage, as -well as 
a that in the receiver,, will confift in good meafure of va- 
"pour. Now letting the air into the receiver, all the 
" vapour within the pear-gage will be reduced to water, 
" and only the real air will remain uncondenfed; confer 
u quently the pear-gage fhews only how much real air 
" is left in the receiver, and not how much the preflure 
" or fpring of the included fluid is diminillied, whereas 

" the 
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" the common gages ihew how much the preflure of 
u the included fluid is diminifhed, and that equally, 
" whether it cofrfift of air or of vapour.* 

Mr. cavendish having explained fo fatisfa&orily the 
caufe of the difagreement between the two gages, I con* 
iidered, that, if I were to avoid moifture as much as pofli- 
ble, the two gages fhould nearly agree : this induced 
me to make the following experiment. 



EXPERIMENT III. 

The plate of the pump being made as clean and as 
dry as poffible, there was then put on it the before- 
mentioned fhort barometer-gage, alfo the pear-gage 
with a ciftern entirely of glafs which held the quick* 
iilver; they were then covered with a receiver, round 
the outfide of which was laid a cement which per- 
fectly excluded the outward air; every part, before it 
was put under the receiver, as well as the receiver itfelf, 
being made as clean and as free from moifture as poffi- 
ble^. The pump was then worked for ten minutes, 

(a) It may be proper here to take notice,. that the pump in every experiment 
hereafter mentioned was worked ten minutes, and the fame receiver continued 
cemented to the pump-plate, except where it is otherwife mentioned. The top 
-part of this receiver was made to open, in order to put in different things. 

3 and 
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and the barometer-gages indicated a degree of exhauftion 
nearly 600; the air was then let into the receiver, the 
pear-gage indicated a degree of exhauftion, but very 
little more than 600 alfo. The near agreement of the 
pear-gage with the barometer-gages in this laft experi- 
ment, in which I had been fo careful to exclude the 
moifture as much as poffible, feemed to prove beyond a 
doubt, that their difagreeing in the firft and fecond ex- 
periments muft have been owing (as Mr* cavendish fup- 
pofed) to the moifture which in them had not been fo 
carefully excluded. But I began now to fufpefit alfo, that 
there njight arife a vapour from fome moifture that 
might be contained in the leather foaked in oil and tal- 
low, or in the wooden foot which was cemented to the 
glafs cup, both ufed in the firft and fecond experiments: 
thefe fufpicions induced me to try the following experi- 
ments. 



EXPERIMENT IV* 

A piece 6f leather dreffed in allum, known by the 
name of white fheep-fkin, of about four inches diame- 
ter, which had been foaked in oil and tallow about a year 
ago (fuch as was ufed to place the receiver on in the firft 
and fecond experiments) was put into the receiver ; the 

Vol. LXVIL 4 M pump 
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pump was then worked, and the barometer-gage indi- 
cated a degree of exhauftion of nearly 300 ; but on the 
admiflion of the air the pear-gage indicated a degree of 
exhauftion of 4000* 

EXPERIMENT V. 

The piece of leather being taken out, the pump was 
then worked, and the degree of exhauftion appeared by 
both the barometer and pear-gages to be about 600,, as 
in the third experiment. 



EX P E KI M E . N T VIr 

A cylinder made of a piece of box wood: (which I had 
kept by me for more than a year) one inch in diameter 
and three inches in length, was put into the receiver 
(this piece of wood was of the fame kind as that which 
was cemented to the foot of the glafs cup ufed in the firft 
and fecond experiments) the pump was then worked^ 
and the degree of exhauftion appeared by the barometer- 
gage to be 300, but by the pear-gage 16,000. 

Thefe experiments have often been repeated, but the 
refult was feldom the fame. When leather foaked in oil 
and tallow has been put into the receiver, the pear-gage 
has fometimes indicated a degree of exhauftion of 

20,000, 
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& 0,0 00, and fometimes no more than 500; it like wife 
differs very much with the box wood, which may per- 
haps be owing to different degrees of heat and moifture. 

From thefe experiments it is evident, that there arifes 
an elaftic vapour from the leather dreffed in allum and 
foaked in oil and tallow, and alfo from the piece of box 
wood, when the weight of the atmofphere has been 
partly taken off by the adtion of the pump; and that this 
vapour preffes upon the furface of the quickfilver in the 
tube of the long barometer-gage, and of that in the cif- 
tern of the fhort one ; and that, confequently, the tefti- 
mony of both thefe gages muft be influenced by this 
vapour, as well as by the fmall remainder of common 
air : but as it is the nature of the pear-gage not to give 
its teftimony till the remaining air contained in it is 
preffed, fo as to become of the fame denfity of the atmo- 
fphere ; and as this vapour cannot fubfift in the form of 
vapour under that preflure, this gage is not at all in- 
fluenced by it> but indicates the remaining quantity of 
permanent air only. 

Seeing thus what a conliderable quantity of vapour 
arofe from the compound of leather, allum, oil, and tal- 
low, my next objedl was to find out from which of thofe 
fubftances it chiefly arofe ; how far I have fucceeded will 
appear by the following experiments. 

4 M % Sub- 
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Subftances put into the receiver. 



Weight 
when pat : , 
into the 
receiver. 



Exp. vn. Tallow, — — 

EXP. VII*. Oft, -=— — 

Exp. ix. Allum, — — 

exp. x. A piece of leather as it came from the \ 
leather- fellers, — — — I 

Exp* xi. The faine piece of leather foalced 
in the fame two ounces of tallow and oil J 
melted together, — — ~ 



Degree of exhaus- 
tion according to 



Pear- 
gage. 



•«MM 




2 ounces 
2 ounces 
2 ounces 

ioo grains 



431 
377 

3*8 

43* 



600 
480 
580 

100,000 
800 



From thefe experiments it appears, that the elaftic 
vapour which caufed fo great a difference in the tefti- 
mony of the gages, arofe principally from the leather, 
and but little from the tallow, oil, or allum : it even ap- 
pears by the tenth experiment, that k came from the 
leather,, and fupplied the place of the exhaufted air ib 
faff, that I could not (at leaft in the ten minutes) make 
the barometer-gage indicate a degree of exhauftion of 
of more than 159, 

To determine whether it was the moifture in the lea- 
ther from which the vapour arofe, I made the following 
experiments. 



Sub- 
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Subftanccs put into die receiver.. 



iWeicht 
Whenpw 
into the 
feoeiy^r*. 



,aw 



<^W» M I' ll » 'f 11 M" > ' " f t > hj I J ■ > '■ 



Degrees of exhauf- 
tipn according to 



^mmm^f^m^tfmf^T 



iQOgrajns 



$p grains 



I oo grains 



Baroin. 
gage. 



•MMfMaHH 




Jt34 



26S 



H7 



.100,090 



a£o 



100,000 



Variation, in 

weight 

during the 

experiments. 



lo$fc 2 grains. 



gained 2 grs, 



loft 2 grains.. 



bxp. xi 1. A piece of white lea- y 
ifrer, . f«lk fram &he. totter* i 

. feUers, • — — J 

MP. *ru* Ttie laoie piece .of* 

leather, dried by the fire till I 

it wotdl lofe no more of its f 

weighty — — J 

BXP. xiv. The fame piece of 

leather held in the fteam of 

hot water ti|L it had regained 

^e £©>grairrfit had beensde- 

privedof, — — 

In this laft experiment k was full three quarters of an 
hour before the feather regained the twenty grains of 
weighty although it was held very near the furfaee of 
the hot water; 

Whenever I have aflertedi tibat the degree of exhaus- 
tion, according ^ pear-g^ge, was fo great as 1 00,000, 
$ only guefled it to be thereabouts, for my gage is not 
graduated to more than 4000 ; but, that it may be feen 
what reafbn I had to fuppofe it at ioo,poo, I have 
brought my pear-gage filled ki this laft experiment, for 
the infpe&ion of the gentleman prefent. 



E X; P E R I M E N T 



The fame piece of leather ufed in the eleventh expe^ 
lament was put into a damp cellar, where it was left till 

the 
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the. next day ; it was then put again into the receiver, 
and the degree of exhauftion, according to the barometer- 
gage, was 300, and according to the pear-gage 3500. 

Being now perfe6tly fatisfied that the variation in the 
teftimony of the pear and barometer-gages was occa- 
fioned by the moifture contained in the fubftances I had 
put into th* receiver afluming the form of vapour; I 
determined next to try what would be the efiedt of the 
vapour which might arife from fmall quantities of dif- 
ferent fluids, and from fbme other fubftances containing 
moifture of various kinds. 



-Subftances put into the receiver. 



}. 



•sxp, xvi. Water in a watch-glafs, 
exp. xvii. Water in a glafs cup, 1 

diatpeter two Inches, — J 
Exp. xviii. Spirit of wine in 

the fame cup, — 

EXP. Xix. Vitriolic acid, — 
XX p. xx. A piece of the infide| 

.of a china orange with fome ■? 

of the rind, — J 

EXE. xxi. Aj>iece of the infide] 

of an onion, — J 

exp. xxn. A piece of tainted beef, 
exp. xxin. A piece of frefh beef, 
exp. xxiv. Spirit of turpentine, 
exp. xxv. Fearl-afh,. — 
exp. xxvi. The fame pearl-afh 

made very hot, — 
£xp. xxvu. A lighted candle *> 

Jield in the receiver till it went > 

out. — _ J 



i 



Weight 
when put 
in. 



3 grains 
ioograins 

i oo grains 
ioograins 



i oo grains 



ioograins 

ioograins 
ioograins 
ioograins 
2 ounces. , 



Degree of exhauft- 
ing" according to 



Barom. 
gage. 



148 
89 

54 
340 

160 

160 

,152 
136 

118 
198 

297 



Pear- 
gage* 



24,000 
8000 

6000 
220 

1 00,000 

100,000 
100,000 

I op, 000 

1800 

5000 

420 
1 Sco 



Change in 

weight 



•»• 



during the 
experiment. 



loll 1 1 grain, 
loft 2 grains, 

loft 9 grains, 
gained 1 gr. 



loft 2 1 grs. 



loft 1 1 grain. 

loft 2 -J grs. 
loft 2-1 grs. 
loft 2 grains.. 



Sub- 
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Subftances put into the receiver. 



•*M» 



*xp. xxviii. A piece of charcoal, 
xxp. xxix. The receiver heated-, 

by holding feveral pieces of { 

lighted charcoal in it, and 

then the above piece being 

thoroughly lighted was put 

into the receiver^ and the 

pump worked, ~ 

Exp. xxx. Camphire, — loograins 

bxp. xxxi.SuIphur made to burn! J 
on a piece of brafs> — J\ 



Weight 
when put 



Degrees of exhauft- 
ing according to 



in. 



Barom. I Pear- 



g a g e « 



129 



650 



3°4 
247 



%> 



gage. 



1800 



600 



510 

32O 



Change in 

weight 

during the 

experiment. 



T loft barely 
1 1 a grain. 



Obferving by thefe experiments that the fmall quan- 
tity of moifture which exhaled from the fubftances un- 
der the receiver prevented the pump from exhaufting it 
to any very eoniiderable degree, I began to fufpedt that 
whenever wet leather had been ufed to conned the re- 
ceiver with the plate, there muft have rifen fo great a 
quantity of vapour as to have prevented the degree of 
exhauftion from being near fo great as in fome of the 
foregoing inftances. Thefe fufpicions induced me to 
make the following experiments . 



EXP. 



3 a 
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Degrees of exhaus- 
tion according to 



«*.«**M*mim»m 



exp. xxxii. The receiver was taken off, and after the -j 
cement was wiped clean from it, and every part made I 
perfectly dry, it was put again on the pump-plate, f 
and a little oil only was poured round the outiide edge, J 

exp. xxxiii. The receiver was taken off again, and in- ■* 
ftead of the oil it was fet on a piece of leather, I 
which had been foaked two days in water, * — J 

iexp. xxxiv. The laft experiment repeated with the 1 
fame piece of leather, — * — • J 

exp. xxxv. The laft experiment repeated again with \ 
the fame piece of leather, — -*- J 

exp. xxxvi. The receiver was taken off, and infteadof") 
the leather foaked in water, there was put on a piece of I 
the fame fort of leather, foaked in a mixture of water j 
and fpirit of wine, fuch as Mr. smeaton ufed, J 

exp. xxxvn. The laft experiment repeated with the! 
fame leather, •->- — — J 

exp. xxxviii. The laft experiment repeated again withr 
the fame leather, — — J 




nearly 600 full 600 



5i 

5* 

47 

47 

47 



16,000 

1500 
1000 

12,000 

1 150 

500 



The great difference in the teftimony of the pear-gage 
in thefe fix laft experiments appeared to me exceedingly 
aftonifhing, for the leathers feemed each of them to be 
as moift at laft as at firft. 

By thefe experiments I was convinced how effectually 
the life of leather foaked in water, or in water and fpirit of 
wine, prevents the pump from exhaufting to any confi- 
derable degree. I have made a number of experiments of 
the fame kind as thefe ; but have never been able to ex- 
hauft,under fuch circumftances, to a greater degree than 
between 50 and 60, when the heat of the room was 
3 about 
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about 57 by a thermometer of Fahrenheit's fcale : but 
the following experiments will ftiew how much fome 
different degrees of heat affefitthe degree of exhauftion. 



bxp. xxxix. Receiver fet on leather which had 1 
lain all night in water, — J 

jexp. xl. Receiver fet on a leather foaked alU 
night in two parts water and one of fpirit of \ 
wine. '—■■-— — J 



Height 
of the 
Therm. 



4 6 
46 



Degrees of exhauf- 
tion according to 




04* 

76 



20,000 



800O 



The pump having been put in a room of the heat of 
57 of Fahrenheit's fcale for feven hours together, 
with the leathers put in the fame water and the fame 
fpirit of wine and water which they had been foaked ia 
air night, and which had been ufed in the two laft expe- 
riments, the following experiments were made. 



Exp. xli. The receiver fet on the leather \ 
foaked in water, — — J 

Kxp. xlii. Receiver placed on a leather foaked 1 
in water and fpirit of wine, — J 



Height 
of the 
Therm. 



57 
57 



Degree of exhaus- 
tion according to 




56 
49 



16,000 



1200 



The following table will ihew the comparative excel- 
lency between the pump on Mr. smeaton's principle 
with which the chief of thefe experiments have been 

Vo L. LXVII. 4 N tried, 
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ttied, and one of my oomraon double barreled table idr* 
pwmps uader tfoe fame dircumftances* The leather oa 
the plitoas *>J both was Ibaked in ml and tallow, and the 
jeceiver cemented down to each plate; the pumps were 

both of them ftelti oiled* 



■Pump on Mr. smea- 

ton's principle. 

Degrees of £xhau£». 

tion according to 



j^KP.xun, A pieeeof lealher^weigh- 
ing xoo grains, as k came ltotn 
the lecher- feller^ waa put into, 
the receiver of each pump, bdth 
pieces befog cut ir4?*a the fame 
ikin clofe by each other, -— 

3#*. x*tv» The fame pifcpe* of tear 
ther dried by the fire till they 
TKCiM Icrtfe no mote of their 
weight* — — 




Common pump. 

Degrees of exhaaG. 
tioft according to 



***** 



Pear- 
gage. 



13,000 



165 



The following experiments will fhew the effect of 
water ufcd In the barrels of pumps to make the piftoim 
move a|r tight in them. 

I took the feme common air-pump ufed in the laffc 
experiment, and having taken off the leathers lbakedia 
oil and tallow from the piftons of thispump* and wiped 
the barrels as clean as poflible, I then put new leathers* 
which had been fbaked in water, and new bladder valves j 
the receiver was then cemented to the pump-plate a& 
before* 

s EXP. 
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Degitea at exhmiik 
. tioa aceordingvto 



Exp. xlv. The pump was then worked as ufual, «— 
Jtxp. xtvi. The teft experiment repeated with atjmttfr* 

common pump, the leathers of the piftons of which ? 

were alf© fbaked ift water, -~- ■•** • i 



ivogvto 




37 

34 



3* 
37 



From thefe experiments it evidently appears, that the 
air-pump of otto guericke, and thofe contrived by 
Mr. gratorix, and Dr. hooke, and the improved 6ti$ 
by Mr. pappin, both ufed by Mr. bo^le, alfo HAiJKs- 
Bee's, s'gravesande's, muchenbrooIc% arid thofe of alt 
who have uied water in the barrels of their pumps, <iotfld 
never have exhaufied to more than between 40 and 50, 
If the heat of the place was about 57; and although 
Mr. smeaton, with his pump, whete tio water was in 
the barrel, but where leather foaked in a mixture of water 
and fpirit of wine was ufed to fet the receiver on the 
pump-plate, may have exhaufted all but a thoufandth or 
even a ten thoufandth part of the common air, according 
to the teftimony of his pear-gage ; yet fo much vapour 
inuft have arifen from the wet leather, that the contents 
of the receiver could never be lefs than a feventieth or 
eightieth part of the denfity of the atmofphere : never* 
thelefs, it does not feem that any deficiency in the con* 
Itru&ion of Mr. smeaton's pump was the caufe of his 

4 N a not 
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not being able to exhauft beyond the low degrees of 70 
or 80. Had he been aware of the bad effects of fetting 
the receiver upon leather foaked in water and fpirit of 
wine; and had he made life of the precaution to free all 
parts of his pump as much as poflible from moifture, I 
make not the leaft doubt but the air-pump, which he 
executed himfelf, would have exhaufted to as great a 
degree, as that pump has been feen to have done with 
which the chief of thefe experiments were made. 

Having read die principal part of this paper to Mr,* 
sme aton, and ftiewn him fome of the experiments j 
one in particular, where the pear-gage, as heobferved 
himfelf,. was filled to no lefs than xoa,oooth part of the 
whole content; he remarked from. memory, that he had 
in feveral trials exceeded ioqo times, and once, as he 
remembered, near or about 10,000 times; but as he 
never could account how this happened, which appeared 
to him perfe<5tly accidental, and therefore could not de- 
pend \apon doing it at pleafure,he contented himfelf with 
putting. down 1000 times, as being what (under the cir- 
cumftances mentioned in his papers) he had a tolerable 
certainty of. 

I muft here again obferve, that if we only wiih 
to know the quantity of permanent air remaining 
in the receiver after it is as much exhaufted as pofli- 
ble, 
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Me, it feems, that it is by Mr, sme axon's gage only 
that we can know it. Again, when by the affiftance of 
his gage and the barometer-gage together, we have dis- 
covered that there is a vapour which arifes and occupies 
the place of the permanent air which is exhaufted, it 
feems that it is by the means of his gage only that we 
can difcover what part of the remaining contents of the 
receiver confifts of this vapour, and what part of perma~ 
nont air. 



Jn account of fome further experiments made with tht 
fame air-pump on Mr* smeato&V principle^ the refults 
of which were different from the former. 

AFTER Thad made the foregoing experiments, and 
thought to have done with the fubjecSl (for fome time at 
feaft) in reviewing them for the laft time, I perceived one 
or two, the extraordinary refults of which (though not 
unnoticed by me before) I now thought I had not paid 
fufficient attention to. Experiment the 1 9th (ia which 
I found that when vitriolic acid was put into the receiver, 
and the pump worked for the ufual time, the pear- 
gage indicated a much lefs degree of exhauftion than the 

barometer- 
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bammeter-gage) feemed to me now fa fvtpd&iftg) t&at it 
was impoflible not to wilh to repeat this experiment wkh 
all the care poffible, and to endeavour totepoHe<£t all the 
circumftances which I thought could any way influence 
the refiilt. 

The vitriolic acid I made trie of in the following ex- 
periments was fome that I had had by me for ibme time ; 
it had been kept in a phial, flopped with a glafs*-ftopper, 
and tied over with a bladder. The thermometer in the 
room was at 5 9 , and the weather remarkably dry* 



Weight IDegrees of exhauf- 
vvhen put tion according to 

A 



into the 
1 receiver. 



a 



ixp. xl vii. Vitriolic acid in a 

glafs cup, two inches diameter 
*xp. xLvni. The laft experi-^ 

nient repeated with the fame > 

Vitriolic acid in the fame cup» <* 
exp. xlix. The former experi- -j 

meat repeated again with the ( 

fame vitriolic acid in the fame j 

cup, ' — — * J 

exp. l. The former experiment -\ 

repeated the fourth time in > [ioxf grs. 

every re{pec\ as before, J I 



*-+**>m—* 



fiarora. 
g a g e * 



mtm—mmtmrnrmm*"* 



Pear- 
gage. 



Variation of 

weight 

during the 

experiment. 



1 00 grams 

101 grains 

10 1 1 grs. 



602 

$02 
50a 



380 
35° 

34^4- 



^•tn* 



gained i gr. 
gained § a gr. 



J* gained a | 
L of a grain. 



The generation of vapour in the exhausted receiver 
which Mr. cavendish had fuppofed, and which I 
feemed, by my former experiments, to have proved, ap* 
peared fatisfacSiorily to have accounted for the pear- 
gage's 
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gage's indicating a greater degree of exhauftion than the 
barometer-gage: but what to fuppofe could poflibly 
make it indicate a lefs, I was entirely at a lofs ; for after 
having made thefe furprizing experiments on the vitrio- 
lic acid, I wifhed once more to try if I could repeat, with 
the fame refult, fome of my former experiments, m 
which the pear-gage had indicated fo nearly the fame 
degree of exhauftion as the barometer-gages. Accords 
ingly I took away the vitriolic acid from under the re- 
ceiver; the pump was then frefh oiled, and I was very 
careful to wipe clean and dry the receiver and pump- 
plate, and then cemented down the receiver as ufuaL 



EXPERIMENT LI* 

The pump was then worked, and the degree of ex- 
hauftion appeared by the barometer-gage to be 43 2 ; but 
by the pear-gage to be but 370* 

I know of no circumftance attending this experiment 
that differed from thofe in which my former experi- 
ments were made when the gages agreed fo nearly, un- 
lefs it were that of the weather : 1 recoiled: that it was 
then very damp, and now it had been very dry for fome 
time. How this circumftance could make fo great an 
alteration in the refult of thefe experiments, I cannot pre- 
tend 
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tend to fay; but fome of the following experiments Will 
fhew that the pear-gage ftill continued in many cafes to 
indicate a lefs degree of - exhaustion than the barometer- 
gage* 

In all the preceding experiments the pump was 
worked for ten minutes* and the pear-gage was at the 
end of that time pufhed down fo as for the mouth to be 
immerfed in the ciftern of quickfilver, and the air then 
let in according to the manner of ufing this gage; but 
now that I found that the teftimony of this gage fo fel- 1 
dom agreed with that of the barometer-gage, I wilhed to 
try, whether they might not agree when the receiver was 
exhaufted only in part, though they did not when it was 
exhaufted as much as poflible. For this purpofe I had 
the fame receiver fitted with two pear-gages, fo that I 
now could immerfe the mouth of one of them in the 
ciftern of quickfilver when I had exhaufted the receiver 
in part only, and not immerge the mouth of the other 
till the receiver was exhaufted for the ufual time of ten 
minutes ; i$ which time I found 1 could always raife the 
quickfilver in the barometer-gage as high as if I were to 
work the pump much longer.- 



EXP, 
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Sxp. lii. The receiver cemented 1 
to the pump-plate, — J 

#xp. liii. The receiver unce-\ 
merited, wiped clean from I 
the cemerit, <and put on the > 
pump-plate, with a little oil J 
round the outfide, — J 

jbxp. liv. The receiver put on al 
leather &aked in oil and tallow, J 



Degrees of exhauftion when the pump 
had been worked 



Five minutes; 
according to 



Barom. ■ 
.gage- 



43° 



502 



502 



Pear- 
gage. 



300 



360 



3» 



Ten minutes; 
according to 



Barom, 

gage. 



43° 



502 



m 



• ' " ■" ■» 
Pear- 
gage. 



360 



360 



$00 



This laft experiment feemed very extraordinary ; far 
after having worked the pump for five minutes only, the 
barometer-gage indicated a degree of exhauf&on of 502 ; 
hut by working the pump five minutes more, it indicated 
a lefs degree of exhauftion, viz.. 323. This effect I have 
obfef ved to happen more than once* 



Degrees of exhauftion when the pump 

had been worked 

,^^..«— —————— »»p»>—«»'\ 1 1 i n. ■ ■■ ^ 



MM 



Exp. lv. Receiver put on a leather! 
foaked in water for one night, J 

3exp. lvi. Receiver put on a leather -i 
foaked for one night in a mixture \ 
of two parts water and one fpi- j 
.Tit of wine, — •— » J 

Voju. LXVII. 



Five minutes ; 
according to 




47 






4 O 



380 



300 



I Ten minutes; 
according to 

-A. 



Pear- 




The 
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The receiver was then taken off from the pump-plate, 
and a blank fcrew fcrewed into the hole in the pump- 
plate. 



EXPERIMENT LVII. 

The pump was then worked for ten minutes without 
any receiver on the pump-plate. The barometer-gage 
alone being afterwards connected with it, the gage indi- 
cated a degree of exhauftion of 5 o only, which was the 
fame as in the laft experiment; fo that the bad effects of 
the mixture of the fpirit of wine and water ftill con- 
tinued. 

I then poured about two fpoonfuls of oil down the 
hole in the pump-plate, and the piftons were worked 
gently till molt of the oil had paffed through the pump 
into a refervoir made to receive it. A blank fcrew was 
then fcrewed into the hole in the pump-plate as before, 
and after the pump had been worked for a minute or 
two, four or five times, the air being let in between 
each time, the oil had then wafhed fo much of the moif- 
ture out of the infide of the pump, that I was now able 
to exhauft to 430 inftead of only 50 times, as before the 
oil had been made to pafs through it. 

During the courfe of thefe experiments on the air- 
pump it appeared, by the teftimony of the pear and baro- 
3 meter- 
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ttleter-gages, that the remainmg contents of a receiver, 
when exhaufted as much as poflible, was at different 
times of different kinds ; fometimes it feemed to confift 
entirely of permanent air, as when a little vitriolic acid, 
8tc. was put in the receiver; and fometimes moftly of 
vapour arifing from moifture, and but a very fmall pro- 
portion of permanent air, as when a bit of damp leather, 
&c. was in the receiver. I was now therefore defirous of 
feeing what appearance the ele£tric matter would exhibit 
in thefe different rarified media. 

For this purpofe I had a glafs tube made, of an inch 
bore, and four feet and a half in length. This tube was 
connected to the receiver of the air-pump by means of 
an elbow-piece of brafs, to which it was cemented ; which 
elbow-piece was inferted perpendicularly in the top of 
the receiver : as the elbow made a right angle, the tube 
itfelf was of courfe horizontal. 

Moreover, at that end of the glafs tube which was 
cemented to the brafs elbow-piece, there was fixed, on 
the infide, a piece of brafs wire, about three inches and 
a half long, filed to a point, and pointing towards the 
other end of the tube. At the other end of the tube was 
cemented a brafs fcrew fitted to a brafs cap, which 
fcrewed on it; and in this brafs cap was fixed a brafs 
wire, three inches and a half long, which pointed towards 

40a the 
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the brafs point; at the other end of the tube, and at the 

end of this wire, was a brafs ball, eight-tenths of an inch 

diameter. 

The brafs cap at this extremity of the tube which is 
f artheft from the receiver was made round, and placed fo 
as to be in contact with the prime conductor of an elec- 
trical machine. 

I now firft put fome vitriolic acid into the receiver, as 
a means of being able to make the remaining contents 
of the receiver, when exhaufted as much as poffible, tp 
confift of permanent air only, unadulterated with va- 
pour ; and as the receiver was the fame I had ufed in my 
foregoing experiments, there were two pear-gages fitted 
to it, which pear-gages I pufhed down into the citterns 
of quickfilver at different times, and the pump was 
worked as in my former experiments for ten minutes: 
heat of the room 59°. 

The ele&rical machine was worked during the whole 
of the experiments. 



E X P E- 
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E X V E ft I M E N T X Villi 



^Electrical appearances exhibited. 



Degrees of exhaus- 
tion according to 

-* ■ " J* 

Pear- 
gage, 



»■«■ 




Xight began firft to appear in flafhes, — — 
Light appeared the whole length of the tube in ftriae, 
Tube was filled with an uniform body of pale light, 
The pump had now been worked five minutes. 
The pump was then worked five minutes more. 
The tube was ftill filled with a uniform body of pale! 
ligmy — — — — J 



5 

74 



269 



75 



230 



The conductor being then removed to a diftance from 
the tube, it was made ta approach it by degrees till :z 
fpark flxuck it, which was at the diftance of two inches; 
the light in the tube now appeared like a compact body 
of fire, of a vivid purple colour, tending to a red. 

Objects were feen through the tube when filled with, 
this body of the eledtrical light, no lefs diftin&ly than 
if there had been no fuch light in the tube r * ; , 

* 

The vitriolic acid being taken out of the receiver, I 
put a piece of leather of 1 00 grains, as it came from the 
leather-rfellers, into that end of the tube which was next 
to the condu&or of the eledhical machine, and fartheft 
from the receiver of the air-pump. I put the leather in 

ftf/This circumftance has been before remarked by Dr. Hamilton in his. 
conjectures on the tails of comets* 

2 at 
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at this end of the tube rather than into the receiver, to 
be fure that the tube might be filled with the vapotir 
arifing from the damp leather rather than with the com- 
mon air. The pump and electrical machine were then 
worked as before. 



E X B E R I M E N T LIX. 



Electrical appearances. 



Light began firfl to appear in flafhes, — - — 
Light appeared the whole length of the tube in ftrise, 
Light vanifhed fcarce to be feen, — -— — 

The pump had now been worked feven minutes. The 
condu&or was now removed from the tube, and the 
greateft ftriking drftance was found to be one inch, 
The tube now appeared luminous, but the light was 
faint and white. The conductor was then again put 
in contact with the tube, and the machine worked: 
the pump was alio worked for three minutes more, 
but fcarce any light appeared, -*- — 



Degrees of exhauf- 
, tion according to 




12 
90 



148 



100 



20,000 



The conductor was then again removed from the 
tube, and the ftriking diftance was found to be only one 
inch and four-tenths: the tube at the time of ftriking 
was luminous as before, and the light was of the fame 
faint white colour. 

Having lately received from my friend Dr. lind fome 
aether prepared by the ingenious Mr. wolfe, I was very 
defirous to try whether I could produce any confiderable 

degree 
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degree of cold by the evaporation of aether under a re- 
ceiver whilft exhaufting. For this purpofe I put the 
aether into a phial, the neck of which was fufficieat to 
admit the ball of a thermometer: this being placed on 
the air-pump, under a receiver which had a plate at the 
top, with a wire pafling through a collar of leathers; to 
this wire the thermometer was fixed, by which means 
I could eafily dip the ball of the thermometer into the 
aether. 

EXPERIMENT LX. 

The pump was now worked, and whilfl: the receiver 
was exhauftingj the ball of the thermometer was often 
dipped into the aether ; and when the degree of exhaus- 
tion by the barometers-gage was 65 (which was the ut- 
moft in this cafe that the pump would exhauft to) the 
degree of cold indicated by the fall of the quickfilver in 
the thermometer was 48° below o on Fahrenheit's 
fcale; fo that there was a degree of cold produced 103° 
colder than the air in the room, where the experiment 
was made, the thermometer in it being at 5 5 ° degrees 
above o . The pump was kept continually working for 
half an hour, and the ball of the thermometer often 
dipped into the aether; but no greater degree of exhauf- 
tion or cold could be produced. The air being let into 

the 
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the receiver, the quiekfilver in the thermometer role 

io°, viz. to 38 ° below o» 

JE X P.IU M E "NT T LXI* 

Trefli aether being put into the phial to what was re- 
maining, the thermometer rofe to 30 above o : the pump 
was then worked again conftantly for half an hour; yet 
by the barometer-gage the degree of exhauftion was 
now not more than 1 6, and the degree of cold produced 
did not exceed the r ith degree below o, as appeared by 
the quiekfilver in the thermometer. The air being let 
into the receiver, the remaining aether was examined, 
and there were found feveral pieces of ice at the bottom 
of the phial, fome of them as big as large peas, which, 
when the aether became nearly of the heat of 32 or 
freezing point of water, were intirely diflblved. 

The air-pump with which thefe experiments were 
made exhaufted above 400 times before the sether was 
put under the receiver. 




